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(57) ABSTRACT

A measuring instrument whose measuring principle 1s based
on an oscillator, for example an eddy counter, and 1n which
there 1s arranged a sensor for recording a measured signal
(S(1)), which can be supplied to an evaluation unit (2),
characterized in that, from the phase increments psi(tau,t),
that 1s to say from the differences between the instantaneous
values phi(t) of the phase signal derived from the measured
signal S(t) 1n a phase extractor (18) and values phi(t-tau)
time-delayed by a delayed time tau, a coupling indicator
value (KI) 1s formed 1n such a way that the existence of
phase coupling with a further oscillator can be detected on
the latter by means of comparison with a coupling reference

value (KR).

26 Claims, 3 Drawing Sheets
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MEASURING INSTRUMENT AND METHOD
OF MEASURING FLOWS

The invention relates to a measuring instrument according,
to the preamble of Claim 1 and to a method of measuring
flow according to the preamble of Claim 15.

The mvention takes as its starting point measuring instru-
ments whose measurement principle 1s based on an oscilla-
tor, such as 1s the case, for example, in eddy counters, also
called vortex flowmeters, which are used to determine
volume flow or flow rate of flowing materials.

The measurement principle of vortex tlowmeters 1s based
on the fact that the separation frequency of the vortices
separating behind a disruptive element located 1n the flow
has a functional relationship with the tlow velocity. From the
frequency, 1t 1s possible to determine the flow velocity and,
given known pipe geometry, therefore the flow through a
pipe.

Considered in more detail, the functioming of a vortex
flowmeter can be explained as follows: the physical effect
brought about by the disruptive element 1s that the tlow tears
ofl at the edges of the disruptive element and therefore
vortices which alternate and rotate 1n opposite directions are
tformed behind 1t and are carried along by the tflow. A vortex
street 1s formed, which 1s characterized by the frequency and
phase angle of the vortex separation. This effect has been
known for a long time as the Karman vortex street.

The measurement principle on which the vortex flowme-
ter 1s based i1s therefore grounded in the fact that the
frequency of the vortex separation 1s approximately propor-
tional to the tlow velocity.

In order to register the frequency of the vortex separation
by measurement, use 1s made of the fact that the vortices
separating alternately at the vortex element in the vortex
counter produce local changes 1n velocity and pressure,
which can then be registered by a suitable sensor, for
example a piezoelectric pressure sensor. From the measured
signal from the sensor, it 1s therefore possible to determine
the frequency of the vortex separation and therefore the flow
velocity of the medium 1n the pipeline.

The measured signal 1s normally present 1n the form of an
analog electronic signal, and it 1s supplied to an evaluation
unit for further processing and evaluation. In the evaluation
unit, the analog electric signal 1s discretized and digitized by
a method known per se and as a result converted into a
digital signal.

The vortex street behind the disruptive element, on which
the measurement principle 1s grounded, represents a nonlin-
car oscillator 1n physical terms. In the vortex counter, still
turther physical eflects can additionally be observed, which
result in further oscillations, also designated external oscil-
lations here, which are also again characterized by frequency
and phase angle. Such eflects are, for example, power
fluctuations in the line pressure, oscillations 1n the flow or
mechanical oscillations of the pipe. Characteristic of such
turther oscillations 1s, inter alia, the fact that they occur
suddenly and unpredictably and can also vanish again, and
registration by measurement 1s not accessible or accessible
only with considerable effort.

Now, it 1s known that the phase angle of the vortex
separation in the vortex street tends to couple to the phase
angle of such further oscillations (phase coupling), as a
result of which an erroneous display of the flowmeter can
occur. This eflect of phase coupling, just outlined, can be
generalized 1n abstract form as follows: measuring systems
which are based on nonlinear oscillators often have the
tendency that the phase phil(t) of an oscillator (O1) which
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1s part of the measuring system tends to couple to the phase
ph12(t) of another, external oscillator (O2). The phases here
are expressed as continuous functions of time, therefore they
are not restricted to the interval of magnitude 2*p1. The time
average ol the time derivative of the phase 1s the oscillation
frequency. The term phase coupling is used to designate the
cllect that the cyclic relative phase delta_phi[n,m] (t):=phi
[nm] (1)mod(2*p1) formed from the relative phase phi|n,
m|:=n*phil (t)-m™*phi12(t) 1s constant, assumes only a few,
preferred values or else has only a nonuniform distribution.
In this case, n and m are small natural numbers. If n and m
are to be specified, one also speaks of n:m phase coupling.

With regard to the vortex tlowmeter, there 1s the under-
standable desire of the user to detect the occurrence of the
disruptive influence on the flow measurement induced by
phase coupling, in order not mistakenly to assume the then
faulty flow measurement as correct, with possibly fatal
consequences for control or regulation systems based on
these values.

It 1s therefore the object of the present invention to
provide a measuring instrument 1 which the presence of
phase coupling can be detected, specifically without any
knowledge about the external oscillator, and also to develop
a method of measuring tflows 1n which the presence of phase
coupling 1s detected without any knowledge about the
external oscillator.

With regard to the measuring instrument, the object 1s
achieved by means of the characterizing features of Claim 1
and, with respect to the method, by the features of Claim 15.

According to the mnvention, therefore, from the measured
signal S(t) 1t 1s possible to derive a phase signal phi(t) and,
from the phase increments psi(tau,t), that 1s to say from the
differences between instantaneous values of the phase signal
phi(t) and values phi(t-tau) time-delayed by a delayed time
tau, a coupling indicator value 1s formed in such a way that
the existence of phase coupling with a further oscillator can
be detected on the latter by means of comparison with a
coupling reference value. The phase signal phi(t) 1s derived
from the measured signal 1n the evaluation unit—before or
alter digitization—in a functional block which, in the fol-
lowing text, 1s also designated a phase extractor, specifically
by using methods known per se, such as phase locked loops,
embedding 1n the delay space, calculation of the “analytical
signal” or by determiming the phase from the argument of the
signal after passing through a suitable complex-value filter.

By using the apparatus according to the invention, the
object 1s achueved 1n a very elegant manner. Use 1s made
here of the finding that phase coupling of two types can be
present, once as what 1s known as hard phase coupling, in
which the relative phases change only seldom or not at all
over ranges of more than 2*pi—such changes are also
referred to as phase jumps. Secondly, what 1s known as soft
phase coupling can occur, in which the phase jumps, that 1s
to say changes in the relative phases, of more than 2%pi,
occur frequently.

It has now been found that a coupling indicator value can
be dernived from the phase increments of the measured
signal, 1n such a way that the presence of phase coupling can
be detected on the latter by means of comparison with a

coupling reference value, specifically without any specific
knowledge of the second, turther oscillator.

-

T'he advantage of the apparatus according to the mnvention
1s that, in order to detect phase coupling, only more exten-
sive evaluation of the information present 1n the measured
signal has to be carried out, specifically by means of forming
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and further linking the phase increments, without the further
oscillation having to be accessible to measurement and
having to be registered.

As a further functional block, 1n a very advantageous
embodiment of the imnvention, there can be a signal store for
the mtermediate storage of the phase signal values over a
time 1nterval, 1n such a way that the phase increments and
the coupling indicator value can be formed with phase signal
values from this signal, store. In this case, the signal store
can be arranged as part of the evaluation unit or outside the
evaluation unait.

In an advantageous embodiment, the coupling indicator
value can be the estimated value of the variance of the phase
increments (psi(tau,t)). The estimated value of the variance
of the phase increments (psi(tau,t)) can in this case be
formed from a function of the phase increments psi(tau,t), 1n
particular from a sliding average of the squares of the phase
increments psi(tau,t).

The coupling indicator value can also be formed from the
estimated distribution function p(ps1') of the integer multiple
of the phase increments psi'(tau,t)=K*psi(tau,t)=K*phi(t)—
K*phi(t-tau). In this case, according to a particularly advan-
tageous embodiment, the estimated distribution function
p(ps1') of the integer multiples of the phase increments can
be formed from a histogram.

The coupling reference value 1s advantageously deter-
mined 1n a reference measurement and stored 1n a reference
value store for further processing.

According to a very advantageous embodiment, the
evaluation umit comprises a display unit for displaying, the
presence ol phase coupling. The user of the flowmeter
therefore receives an indication of the presence of phase
coupling. He 1s warned that the measured values determined
for the flow may be erroneous on account of the phase
coupling. The display can be configured in such a way that
it displays the presence and also the absence of phase
coupling, so that the user 1s always mformed accurately by

the display about the trustworthiness of the flow measure-
ment.

Of course, the evaluation unit can also comprise a data
interface for transmitting the information about the presence
of phase coupling to a central umt. The central unit is
advantageously the same one that also processes the mea-
sured values of the flow further, for example a process
computer. In the central unit, for example the measured
value of the flow can then be 1gnored until the information
about the presence of phase coupling is transmitted, 1n order
to avoid errors 1n this way.

The method of measuring tlows according to the inven-
tion 1s characterized in that, from the phase increments
psi(tau,t), that 1s to say from the differences between instan-
taneous values phi(t) of the phase signal derived from the
measured signal S(t) 1n a phase extractor and values phi(t-
tau) time-delayed by a delayed time tau, a coupling indicator
value 1s formed 1n such a way that the existence of phase
coupling with a further oscillator 1s detected on the latter by
means of comparison with a coupling reference value.

In this case, the phase signal values can be stored tem-
porarily over a time interval 1n a signal store arranged inside
or outside the evaluation unit, 1n such a way that the phase
increments and the coupling indicator value are formed with
phase signal values from this signal store.

The coupling indicator value formed can be the estimated
value of the variance of the phase increments psi(tau,t).
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However, the coupling indicator can also be formed from
the estimated distribution function p(psi') of the integer
multiples of the phase increments psi'(tau,t)=K*psi(tau,t)
=K *phi(t)-K*phi(t-tau).

Further advantageous refinements and improvements of
the invention and further advantages can be gathered from
the subclaims.

By using the drawings, in which two exemplary embodi-
ments of the invention are illustrated, the invention and
further advantageous refinements and improvements and
advantages of the invention will be explained and described
in more detail.

IN THE DRAWINGS

FIG. 1 shows the basic structure of a vortex counter and
a block diagram of the processing according to the invention
of the measured signal in order to derive the information
about the presence of phase coupling,

FIG. 2 shows the basic structure of a vortex counter and
the block diagram of a first vanant of the processing
according to the invention of the measured signal, here to
derive the mmformation about the presence of hard phase
coupling, and

FIG. 3 shows the basic structure of a vortex counter and
the block diagram of a second variant of the processing
according to the mvention of the measure signal, here to
derive the information about the presence of soft phase
coupling.

FIG. 1 shows an eddy counter tlowmeter, which 1s con-
structed as a vortex counter. A flowing medium 3 flows
through the measuring pipe 1 and strikes the disruptive
clement 4, which has a trapezoidal cross section here and 1s
arranged centrally 1n the centre of the pipe. Of course, the
ability of the invention to be implemented 1s not restricted to
the specific form of the disruptive element, instead all forms
and arrangements of disruptive elements known 1n the prior
art can be used. Then, behind the disruptive elements 4,
vortices form, which are designated as Karman vortex street
5. A piezoelectric sensor 6 measures the periodic pressure
fluctuations which arise as a result of the vortex separation
and thus generates a measured signal S(t), which 1s passed
on to an evaluation unit 2.

This evaluation unit comprises a phase extractor 10, a
signal bufler 16, a coupling indicator value former 18, a
coupling reference value store 14, a comparison device 12,
a phase coupling display 40 and a data interface 42.

In the phase extractor 10, the phase signal phi(t) 1s derived
from measured signal S(t). The phase signal phi(t) 1s then
supplied to the signal builer 16, in which 1t 1s stored during,
a time interval T. The time variation of the phase signal
phi(t) over a time interval T 1s therefore available in the
signal buffer. At a time t from the time interval T, 1t 1s
therefore possible to retrieve from the signal bufler the&
value of the phase signal phi(t) at this time, and also the
phase signal values phi(t-tau) preceding this time t by a time
interval tau, that 1s to say time-delayed by the time interval
tau.

A phase signal value phi(t) and the phase signal values
phi(t-tau) time-delayed with respect thereto are supplied
from the signal bufler 16 to the coupling indicator value
former 18. In the latter, the coupling indicator value KI 1s
formed and, 1n the comparison device 12, 1n accordance with
the rules deposited there, 1s compared with a coupling
reference value KR from the coupling reference value store
14. The coupling reference value KR has previously been
determined externally and stored in the coupling reference
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value store 14. The result of the comparison 1s the finding
that phase coupling 1s present or that no phase coupling 1s
present.

The information about the presence of phase coupling 1s
conducted from the comparison device 12 to a phase cou-
pling display 40 and displayed to the user there 1n a suitable
manner. For example, a text message can be presented on a
display, for example “phase coupling”. Alternatively or
additionally, a warning lamp can light up or flash. Addition-
ally, an acoustic warning can also be given.

In parallel with this, the information about the presence of
phase coupling 1s transmitted to a data interface 42, which
then passes it on 1n suitably encoded form to a higher-order
data-processing or process control system. The data inter-
face 42 can be any data interface which 1s known and usual
in the process industry, i particular for example a serial or
parallel interface or a field bus coupling, but also a wire-free
data interface, such as a Bluetooth interface.

FIG. 2 shows, as a block diagram, a particular embodi-
ment of the processing according to the mvention of the
measured signal in the evaluation umt 2 for detecting hard
phase coupling.

For the purpose of better understanding, first of all, some
tfundamental thoughts relating to the method of detecting
hard phase coupling should be presented here:

Ideally, the phase of an uncoupled oscillator grows lin-
carly with time, that 1s to say, for example, phi(t)=omegal *t.
In this case, omegal 1s defined as the long-term time average
of the time derivative of phi(t). The phase determined from
a measured signal derived from the oscillator 1s typically not
identical to the phase of the oscillator, but differs only
slightly therefrom. The deviations are restricted. For real,
and coupled, nonlinear oscillators, however, this linear driit
of the phase has superimposed on 1t a random movement
(“random walk™) which, for example, can be caused by
dynamic noise in the oscillator or else by the nonlinear
dynamics of the oscillator itself. This random walk leads to
lphi(t)-omegal(t)l growing over all the limits over large time
intervals.

In the case of hard coupling to an external oscillator O2,
this random walk 1s suppressed.

The suppression of the random walk 1s detected by means
of a method which 1s presented as a block diagram 1n FIG.
2 and whose functioming will now be described.

First of all, for a suitably selected delay tau, the current
variance of the phase increment psi(tau,t):=phi(t)—phi(t-tau)
1s estimated. In order to estimate the variance, for example,
the average square fluctuation of psi(tau,t) mn the time
interval lying a short time back can be used. Alternatively,
an approprate sliding average can be used.

The estimated value V of the variance of psi(tau,t) 1s
compared with a reference value KR which 1s stored 1n the
measuring instrument and which, for the uncoupled oscil-
lator, corresponds to the expected value of V. Suppression of
the random walk by the coupling to an external oscillator 1s
detected from the fact that the value of V lies below KR
(even taking account of the measurement uncertainty).

For the suitable selection of tau, the following is true: in
order even to be able to detect weak coupling, tau should be
selected to be approximately sufliciently large for KR to be
at least of the order of magnitude of 2*pi 2. In order to
improve the response of the detection method, it may be
expedient to select smaller values of tau.

In vortex flowmeters, the delay tau 1s suitably selected to
be inversely proportional to the frequency of the vortex
separation, the frequency being calculated for example by
averaging over the interval of length T. As follows from
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hydrodynamic considerations, V0 then depends only on the
Reynolds number Re of the pipe flow, and this dependency
1s weak. Therefore, an approximate value of Re 1s adequate
for the determination of KR. The Reynolds number can be
calculated either given a known flow and fluid or determined
directly from the signal.

The reference value KR can be determined, inter alia, by
one of the following partial methods:

a) The reference value 1s determined by the manufacturer 1n
a reference measurement and stored electronically 1n the

measuring nstrument.

b) The user determines the reference value 1 a traiming
phase. For this purpose, the user starts a training routine
with fixed or user-determined run time 1n the uncoupled
state. The reference values V0 are calculated from the data
recorded 1n the run time.

¢) Use 1s made of the fact that the variance of psi(tau,t) 1n
the uncoupled state grows approximately linearly with
tau. For instance, KR 1s selected as 1 times a current
estimated value of the variance of psi(tau/1.t), where 1>1,
for example 1=2.

In the arrangement according to the invention as shown 1n
FIG. 2, the method outlined above i1s implemented as
follows:

From the phase signal phi(t), the vortex frequency i1s
formed 1n a frequency former 20 and, from this frequency,
the delay time tau 1s formed 1n a delay former 22. Together
with the phase signal phi(t), the delay time tau 1s supplied to
the signal bufler 16. The phase signal phi(t) and the time-
delayed phase signal phi(t-tau) are both supplied from the
signal bufler 16 to an incremental former 24 within the KI
former 18, which forms the phase increment psi(tau,t).

The variance estimator 26 uses the phase increment
psi(tau,t) to form the estimated value of the phase increment.
This 1s the coupling indicator value KI, 1n the specific case
here also designated V.

The coupling reference value KR from the KR store 14
and the coupling indicator value V from the variance esti-
mator 26 are supplied to the comparison device 12. In the
latter, a comparison 1s made to see whether KR 1s greater
than or less than V. Phase coupling 1s present 1f KR 1s greater
than V, otherwise there 1s no phase coupling.

As described above under a) and b), the coupling refer-
ence value KR can be obtained from comparative measure-
ments and stored 1n the reference value store 14. However,
as described above under ¢), it can also be selected as 1 times
a current estimated value of the variance of psi(tau/l,t), with
1>1, for example 1=2. In this case, the new delay time
tau'=taw/l 1s formed from the delay time tau in the fraction
former 23 and used to form the phase increment 1n the signal
buffer 16. The variance estimator 26 then forms the esti-
mated value of the variance V(psi(tau/l,t)), multiplies this by
1 and supplies this value to the comparison device 12 as
reference value. In this case, the reference value KR there-
fore does not come from the KR store 14 but likewise from
the-variance estimator 26.

Which way 1s followed 1n order to form the coupling
reference value KR 1s defined in the internal control system
of the evaluation unit 2. Said control system 1s connected to
all the functional blocks present in the evaluation unit 2 but
1s not shown 1n FIGS. 1 to 3 for reasons of improved clarity.

FIG. 3 shows as a block diagram a further special embodi-
ment of the processing according to the mvention of the
measured signal 1n the evaluation umt 2, here 1 order to
detect soit phase coupling.
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Here, too, for the purpose of better understanding, first of
all some fundamental thoughts relating to the method of
detecting soft phase coupling should be presented:

The method makes use of the fact that, in the case of soft
phase coupling, phase jumps occur frequently. By means of
the detection of phase jumps, soit phase coupling 1s
detected. The following method 1s used for the detection of
phase jumps:

From the estimated phase phi(t), the variable phi'(t):=K
phi (1) 1s calculated, K being determined by the following
rule: for n:m phase coupling without symmetry, K=n. If, on
account of symmetries, the phase phil (t) 1s equivariant with
respect to a phase shift by 2 p1/l, then the smallest common
multiple of n and 1 should be selected for K.

First, for a suitably selected delay tau, the distribution
function (probability density) of the phase increment psi
(tau,t):=phi'(t)-phi'(t-tau) 1s estimated. In order to estimate
the distribution function, use can be made, for example, of
a histogram, which can be determined by means of sliding
averaging, for example.

The estimated distribution function p(psi) 1s then exam-
ined to see whether 1t has a multimodal structure character-
istic of phase jumps with maxima at intervals of about 2 pi.

This 1s done, for example, by calculating a variable eta,

defined by

k=+o0
efa =1 /u(0) = Z [ee(2 k= pi) — u((2+k — 1) = pi)] where

k=—0a

uibera) 1= f p(psi)* p(psi+ beta) d psi

The value calculated 1n this way 1s compared with a
reference value eta, which 1s stored in the measuring
instrument and which, for the uncoupled oscillator, corre-
sponds to the expected value of eta. The occurrence of
phase-jumps as a result of coupling to an external oscillator
1s detected by the fact that the value of eta then lies above
ctal (even taking account of the measurement error).

For the suitable selection of tau, similar considerations
apply to those presented above for the case of hard coupling.

The reference value etal can, inter alia, be determined by
one of the following methods:

a) The reference value 1s determined by the manufacturer
from a reference measurement and stored electronically in
the measuring nstrument.

b) The user determines the reference value 1 a training
phase. For this purpose, the user starts a training routine
with a fixed or user-determined run time in the uncoupled
case. The reference value etal 1s calculated from the data
recorded 1n the run time.

To describe the implementation of this method 1n the
arrangement according to the invention according to FIG. 3,
in the following text only the differences from the arrange-
ments previously described in accordance with FIG. 1 and
FIG. 2 will be considered.

In the arrangement according to FIG. 3, the signal bufler
16 1s supplied with the phase function multiplied by the
factor K 1n a phase multiplier 30, phi'(t)=K*ph1 (t). The
delay time tau, on the other hand, 1s derived from the
original phase signal phi(t), as already described above 1n
the case of FIG. 2. Instead of the variance estimator 1n FIG.
2, the KI former in the embodiment according to FIG. 3
contains a distribution function estimator 28, which deter-
mines the estimated distribution function p(psi'(tau,t)) of the
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phase increment psi(tau,t). The estimated distribution func-
tion p(psi'(tau,t)) 1s then supplied to a further function block,
here called the eta former, which, as described above,
determines the variable eta, which then represents the cou-
pling indicator value KI.

Within the comparison device 12, the coupling indicator
value KI, or else eta here, 1s compared with a coupling
reference value KR, also called eta0 here, from the KR store
14. Phase coupling 1s present 1f the value of eta 1s greater
than the reference value eta0.

In general, the evaluation unit 2 with the functional blocks
contained 1n 1t can be implemented as an electronic circuit
or as a program within a microcomputer. Details as to how
such electronic circuits or programs have to be built up and
implemented are known to those skilled 1n the art; they are
based on the circuits and programming techniques known in
the prior art.

In a further variant, not illustrated here by a figure, the
evaluation unit 2 can contain both the function blocks for
detecting hard phase carping and those for detecting soft
phase coupling. Using such an evaluation unit 2, 1t 1s
possible to cover the entire region of phase coupling com-
pletely.

The mnvention claimed 1s:

1. A measuring instrument performing measurements
using a measuring principle based on an oscillator, the
measuring nstrument comprising:

a sensor that records a measured signal (S(t)) of a flow-

mefter,

a phase extractor that extracts a signal phi(t) from the
measured signal (S(t));

a buller that delays the signal phi(t) to produce a time-
delayed signal phi(t-tau);

a coupling indicator that generates a coupling indicator
value based on the signal phi(t) and the time-delayed
signal phi(t-tau); and

a comparison device that compares a coupling reference
value to the coupling indicator to detect phase cou-
pling.

2. The measuring instrument according to claim 1, com-
prising a signal store that stores signal values for phi(t) and
phi(t-tau) over a time interval such that phase increments
and the coupling indicator value (K1) are formed with phase
signal values from the signal store.

3. The measuring 1nstrument according to claim 2,
wherein the coupling indicator value (KI) 1s an estimated
value (V) of a vaniance of phase increments (psi(tau,t)).

4. The measuring instrument according to claim 3,
wherein the estimated value (V) of the vanance of the phase
increments (psi(tau,t)) 1s formed from a shiding average of a
function of the phase increments (psi(tau,t)).

5. The measuring instrument according to claim 3,
wherein the estimated value (V) of the vanance of the phase
increments (psi(taw,t)) 1s formed from a sliding average of
the squares of the phase increments (psi(tau,t)).

6. The measuring instrument according to claim 2,
wherein the coupling indicator (KI) 1s formed from an
estimated distribution function p(ps1') of the integer multiple
ol the phase increments (psi'(tau,t)=K*psi(tau,t =K *phi(tau,
t)—K*phi(t-tau)).

7. The measuring instrument according to claim 6,
wherein the estimated distribution function (p(psi')) of an
integer multiple of the phase increments 1s formed from a
histogram.

8. The measuring instrument according to claim 1,
wherein the coupling reference value (KR) 1s a multiple (1




US 7,248,974 B2

9

times) of the estimated value (V) of the variance of phase
increments formed with a fraction of the delay time (psi
(taw/Lt)y=phi(t)—phi(t-tau/l)).

9. The measuring 1instrument according to claim 1,
wherein the coupling reference value (KR) 1s determined in
a reference measurement and 1s stored 1n a reference value
store.

10. The measuring instrument according to claim 1,
wherein the delay time (tau) i1s mversely proportional to a
vortex frequency (1).

11. The measuring instrument according to claim 10,
wherein the signal buller 1s part of an evaluation unit.

12. The measuring instrument according to claim 10,
wherein the signal bufler 1s arranged outside an evaluation
unit.

13. The measuring instrument according to claim 1,
wherein the evaluation unit comprises a display unit for
displaying the presence of phase coupling.

14. The measuring mstrument according to claim 13,
wherein the evaluation unit comprises a data interface for
transmitting the information about the presence ol phase
coupling to a central unit.

15. A method of measuring a flow through flowmeters
whose measuring eflect 1s based on an oscillator comprising;:

recording a measured signal (S(t)) of at least one of said

flowmeters:

extracting a phase signal phi(t) from the measured signal

(5(1)):

delaying the signal phi(t) to produce a time-delayed signal

phi(t-tau);

generating a coupling indicator value based on the signal

phi(t) and the delayed signal phi(t-tau); and
comparing a coupling reference value to the coupling

indicator value to detect phase coupling; and
displaying a comparison result.

16. The method according to claim 15, comprising:

storing signal values for phi(t) and phi (t-tau) over a time

interval, and 1n a signal store arranged 1nside or outside
an evaluation umt, such that phase increments and the
coupling indicator value (K1) are formed with the phase
signal values from this signal store.

17. The method according to claim 16, wherein the
coupling indicator value (K1) that 1s formed 1s an estimated
value (V) of a variance of phase increment values (psi(tau,

t)).
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18. The method according to claim 17, comprising:

forming the estimated value (V) of the variance of the
phase increment values (psi(tau,t)) from a sliding aver-
age of a function of the phase increments (psi(tau ,t)).

19. The method according to claim 17, comprising:

forming the estimated value (V) of the variance of the
phase increment values (psi(tau,t)) from a sliding aver-
age ol the squares of phase increments (psi(tau,t)).

20. The method according to claim 16, comprising:

forming the coupling indicator (KI) 1s formed from an
estimated distribution function p(psi’) of an integer
multiple of the phase increments (psi'(tau,t) =K*psi
(tau,t)=K*phi(tau,t)-K*phi(t-tau)).

21. The method according to claim 20, comprising:

forming the estimated distribution function (p(ps1')) of the
integer multiple of the phase increments from a histo-

gram.
22. The method according to claim 15, comprising:

tforming the coupling reference value (KR) that 1s formed
1s a multiple (1 times) of an estimated value (V) of a
variance of phase increments formed with a fraction of
a delay time (psi(tau/l,t)=phi(t)-phi(t-tau/l)).

23. The method according to claim 15, comprising:

determining a coupling reference value (KR) 1n a refer-
ence measurement and forming the coupling reference
value 1n a reference value store.

24. The method according to claim 15, comprising:

forming the delay time (tau) to be inversely proportionally
to the vortex frequency (1).

25. The method according to claim 15, wherein the
presence of phase coupling 1s transmitted via a data interface
to a central unit.

26. The method according to claim 15, wherein the
displaying sites comprises:
displaying the presence of phase coupling through a
display unat.
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